Abstract-Data have been presented on wetting of the surfaces of gelatin hydrogels and natural chamois leather with water and sunflower oil both in the initial state and after treatment with hydrophobizing agentspoly(1,1,2,2 tetrahydroperfluoroalkylmethyl acrylates), where perfluoroalkyl is n C 6 F 13 and n C 8 F 17 . The kinetics of variations in the contact angles of water droplets on the hydrogel and leather has been analyzed in order to determine the correlation between the wettability and water resistance of the samples treated with the hydrophobizing agents.
INTRODUCTION
Gelatin hydrogel is a three dimensional viscoelas tic network formed from solvated denatured collagen. The surface properties of a hydrogel are, to a large extent, determined by the production method; gelatin concentration; and the presence of cosolvents, elec trolytes (especially, those containing cations capable of specific bonding), and other substances; as well as the conditions of its formation [1, 2] . The measure ments of an initial contact angle θ of a water droplet have indicated that the surface of a gelatin hydrogel formed in contact with air is somewhat hydrophobic; then, the surface is hydrophilized; i.e., θ decreases with time, while water is imbibed by the gel. The con ditions of the formation of the surface layer of gelatin substantially affect the value of the initial contact angle [2, p. 117] . According to different data, the ini tial value of advancing angle θ of water at a gelatin hydrogel commonly varies in a range of 70° ± 13° and is, as a whole, governed by the nature, degree of defat ting, and concentration of gelatin, as well as relative air humidity and, to some extent, the size of an applied water droplet [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The problem of the reproducible determination of the wettability and water and oil resistance of non uniform rough surfaces of materials, such as natural leather, is commonly known. Natural polypeptides (as well as their synthetic analogs, polyamides) are hydro philic, which is evident from their ability to be wetted and to swell upon a contact with water, as well as from rather high values of the critical tension of wetting γ c = 45 ± 2 mN/m. However, in both living organisms and items, the surfaces of polypeptides have a lipid barrier; therefore, their initial tension value is γ c = 25-26 mN/m [14] . The initial contact angle of water droplets at chamois natural leather is commonly equal to 90°-120° (see, e.g., [15, 16] ), thereby indicating its hydrophobic nature. However, upon a contact with water, as the leather is hydrated and swells, θ decreases to 70° or even 40°-50°. Therefore, the hydrophobic ity and water resistance of leather have a temporal character. The contact angle can be reproducibly mea sured (at a low accuracy) only at smoothest leather samples, although there are data on the contact angles and water resistance for nubuck and suede with rough surfaces treated with hydrophobizing agents [16] .
When solving a number of practical problems con cerning the development of hydrophobic and self cleaning surfaces, it is of importance to implement an integrated assessment of wetting, spreading, and water /oil resistance (i.e., the resistance of a material to liquid imbibition), as well as the durability of these properties of a surface treated with a water , oil , or dirt repellent agent [17] [18] [19] .
The goal of this work was to study the kinetics of wetting a gelatin hydrogel and natural leather, the sur faces of which were coated with layers of poly(1,1,2,2 tetrahydroperfluoroalkylmethyl acrylates) as typical hydrophobizing agents with the aim to establish a pos sible correlation between the wettability and the water and oil resistance of samples.
EXPERIMENTAL
Edible gelatin (Dr. Oetker, GOST (State Standard) 11293 89) was used as received. A 2% gelatin solution was prepared in water purified with a Millipore system. In order to decrease the probability of the shrinkage and cracking of films, glycerol (2%) was added to the solution. Moreover, to make a gelatin film more simi lar to chamois leather, chromium(3+) nitrate (0.2%) was added to the gel forming solution. Rather uniform layers of the gelatin gel were formed on the surface of microscope slides by immersion.
The contact angles and water resistance were determined using commercial samples of chrome leather of the Verona Black Napa brand kindly sup plied by OOO YUPEKO (Russia).
Solutions of fluorocarbon resins, namely, poly(1,1,2,2 tetrahydroperfluoroalkylmethyl acry lates), in which perfluoroalkyl is represented by n С 6 F 13 and n С 8 F 17 , (Hexafor 6280 and Lineplus PDM 280 products, produced by Guarniflon S.p.A., Maflon Division, Italy), were prepared in n heptane (reagent grade).
Molecular masses of the fluorine containing poly mers were measured by capillary viscometry in an Ost wald viscometer using butyl acetate as a solvent. The molecular masses were calculated from the intrinsic viscosity values by the Mark-Houwink equation using constants K = 4.79 × 10 -4 , α = 0.6, which are typical of poly(methacrylic acid) esters. The molecular masses of the polymers with n С 6 F 13 and n С 8 F 17 rad icals appeared to be 45 800 and 33 900, respectively.
Heptane solutions of the fluorocarbon resins were applied by triple pouring onto gelatin gel coated microscopic slides. After the solutions flowed off, the samples were dried at room temperature and used to measure the contact angles the next day or 4 days later.
Variations of the advancing contact angles at intact gelatin gels and those modified with the fluorocarbon resins were video recorded with a Drop Shape Analy sis System DSA100 precision system for droplet shape analysis (Krüss GmbH, Germany). The contact angles of water (surface tension γ W = 72.5 mN/m) and refined sunflower oil (γ O = 33.0 mN/m) droplets were measured at 23°C with an accuracy of ±0.10°. The droplet volume was preset the same (5 μL) with a Hamilton microsyringe in all experiments. The results were represented as plots of time dependences of con tact angle θ or work of adhesion, which is determined as a change in the surface free energy
The surface morphology of the leather and gel sam ples was examined with a Jeol JEM 59 LW scanning electron microscope (Japan) which enabled us to take micrographs in a rather low vacuum; accelerating volt age was 5 kV. In order to increase the hardness of the micrographs, the sample surface was coated with car bon.
Verona Black Napa leather samples with sizes of 5 × 5 cm were tested for water resistance by a modified static test, which is known in two variants used for determining water absorbing capacity of paper, card board, and wood chipboards (the so called Cobb Test [20] ) and dressed textiles (one of the AATCC meth ods). According to the test, a certain amount of water is poured inside a ring placed onto the surface of a leather sample (Fig. 1 ) and the water resistance is characterized based on the weight gain of the sample.
Therewith, according the modified procedure, the leather samples were tested for water absorption (in contrast to the ASTM and AATCC tests performed with the use of metal rings) using heavy Teflon rings, which are nonwettable with water, thereby preventing the solutions from leakage out of the contact area and the sample from deformation as a result of swelling under the action of moisture. The rings had internal diameter, height, and mass of 3 cm, 2.5 cm, and about 30 g, respectively; the volume of water poured into the rings was 3 mL. After 1 h contact, water was removed from the sample surface with a vacuum pump, the ring was withdrawn, and the wetted surface was dried with filter paper. In all experiments, the samples were weighed before and after the application of a hydro phobizing agent. Then, the sample weight gain result ing from water imbibition was determined, from which water absorption p of the material was calculated in g/(m 2 h). RESULTS AND DISCUSSION Figure 2 illustrates the data on the kinetics of vari ations in the contact angles of water droplets after their application onto the initial gelatin film and the films treated with 2% heptane solutions of poly(methyl methacrylates) comprising n C 6 F 13 and n С 8 F 17 fluo rocarbon chains (hereafter, C6F13 and C8F17 for short). Therewith, for modified gelatin films, the θ values were measured in 1 and 4 days after the fluoro carbon resins were applied. The data were represented as averaged values, with the difference between the contact angles measured on the left and right hand sides of a droplet being, as a rule, no larger than 2°.
As can be seen from the presented data, the hydro phobicity of the gelatin film markedly increased after its surface was modified with C6F13 and, to a higher extent, with C8F17. The water repelling ability of the gelatin film treated with C6F13 substantially increased after its aging for 4 days and remained at a high level upon the aging of the film treated with C8F17 (Fig. 2,  curves 2', 3' ). Another character of variations in the contact angle was observed for the latter after the aging. While, for a sample dried for 24 h, a jumpwise decrease in θ from 118° to nearly 112° was observed 3 min after a water droplet was applied (curve 3), for the "aged" sample, a gradual decrease in the contact angle took place (curve 3'). The jump in θ for the sys tem with the "young" protective film was likely some how related to the nonequilibrium state of the gelatin gel and/or incompleteness of relaxation processes in the film of C8F17 fluorine containing polymer.
The abrupt reduction in the contact angle was still more pronounced for the system obtained with the use of C6F13 as a hydrophobizing agent (Fig. 2, curves 2  and 2' ). This effect, although with not such a high magnitude, remained preserved for 4 days; however, the subsequent decrease in θ decelerated. Figure 3 demonstrates the data on the kinetics of variations in the contact angle at the same gelatin sam ples for refined sunflower oil used as a wetting liquid (γ O = 33.0 mN/m) instead of water.
In the case of an untreated surface of gelatin gel, an oil droplet almost completely spread within initial 10-15 s after it was applied (Fig. 3, curve 1) . For gel sur faces modified with fluorine containing polymers, the situation greatly differed from that taking place upon application of water droplets: the initial values of the contact angle for oil droplets at the gel surface modi fied with C6F13 and C8F17 were almost equal to one another and markedly smaller than the corresponding values for water droplets. Therewith, after gel was treated with C6F13, the contact angle of an oil droplet did not vary significantly with time (curves 2, 2'), while, after the treatment with C8F17, the contact angles decreased rather noticeably. In other words, the inversion of the oil resistance took place for the gela tin gel treated with the fluorocarbon resins. In both cases, as the time of gelatin film aging after the modi fication with the hydrophobizing agent increased from 1 to 4 days, the efficiency of the oleophobization increased; however, the character of the θ = f(τ) dependence remained the same.
In the next series of experiments, the solutions of C6F13 and C8F17 fluorine containing resins in hep tane (2 wt %) were sprayed with a trigger dispenser on the surface of preliminarily weighed samples of chrome leather in an amount of nearly 4% (weight gain immediately after the spraying). The contact angles were measured 4 days after the resins had been applied. Figure 4 illustrates the data on the kinetics of variations in the water contact angles at the surface of the untreated leather (curve 1) and the leather modi fied with C6F13 and C8F17 (curves 2 and 3, respec tively) without correction for a decrease in the droplet volume due to evaporation. For the untreated surface, the θ = f(τ) curve char acterizes the kinetics of both water spreading over and imbibition into leather during an experiment. The ini tial contact angles qualitatively agree with the angles at gelatin films (Fig. 2) treated with the solutions of hydrophobizing agents C6F13 and C8F17 and aged for 4 days. However, there is also a difference: the ini tial advancing contact angle (117°) at leather treated with C8F17 is larger than that at leather treated with C6F13 (114°). In the former case, the hysteresis of the contact angle is more pronounced, and, after the con tact with a water droplet for more than 3 min, leather treated with C6F13 is, judging by the θ value, more hydrophobic.
The representation of the experimental data in the (V τ /V 0 ) 2/3 = f(τ) coordinates [21] , where V τ and V 0 are the current and initial droplet volumes, respectively, makes it possible to clarify which process prevailswater evaporation or imbibition into the substrate. As can be seen from Fig. 5 , for leather samples treated by spraying C6F13 and C8F17, these dependences are linear and almost coincide with one another. The lin earity of the (V τ /V 0 ) 2/3 = f(τ) dependences seems to indicate that, as a result of the treatment with both hydrophobizing agents, water does not penetrate leather essentially, while the volume of the droplet decreases mainly due to its evaporation.
There is no unambiguous correlation between the data on the wettability (Fig. 4) and the results of testing Verona Black Napa leather for water resistance, which is characterized by the amount of water imbibed per square meter for unit time (see diagram in Fig. 6 ). For example, water absorption by the leather sample treated with C6F13 is markedly lower than that for the untreated sample (the first column of the diagram) but higher than the absorption by the C8F17 treated sam ple. The initial water contact angle is larger at C8F17 treated leather; however, during the contact, the situa tion changes and C6F13 treated leather has, in the long run, a larger contact angle upon wetting by water.
Let us return to the data that characterize the behavior of water and sunflower droplets on gelatin. The differences between the wettabilities of the gelatin gel and leather surfaces modified with the fluorine containing resins are more evident in the time depen dences of the work of adhesion W a (Figs. 7a, 7b ) plot ted for oil and water from the experimental data using equation W a = γ L (1 + cosθ).
In the case of gelatin gel, when passing from fluo rine containing modifier C6F13 to more hydrophobic C8F17, the water contact angles reasonably increase; however, the gelatin gel coated with C6F13, exhibits a higher resistance to oil spreading.
Gelatin surfaces coated with both modifiers are characterized by a linear rise in the work of water adhesion with time (Fig. 7) . However, in the case of C6F13, the linear dependence of the work of adhesion on time is established after an initial jump: during the initial 20 s, a water droplet is "squeezed" on the gelatin surface modified with a C6F13 film (Fig. 7a, curve1 ). Most likely, this is associated with the passage to Wen zel's wetting regime and the development of a partial discontinuity of the hydrophobic film, which is accompanied by a closer contact between gelatin and water. In contrast to hardened leather, macromole cules in the surface layer of gelatin gel coated with a fluorine containing polymer film retain their capabil ity of conformational transformations and variations in wettability under the action of an applied water droplet.
In the case of an oil droplet, the work of adhesion to a gelatin gel surface modified with C8F17 increases with time to reach a constant value, while that to a C6F13 treated surface remains unchanged for, at least, the observation time (Fig. 7a) . The oil resistance of the gelatin gel surface coated with a C6F13 film seems to result from the optimal combination of polar and nonpolar fragments in the structure of the fluo rine containing polymer. The C 6 F 13 radical, which is shorter than the C 8 F 17 radical, does not ensure the same interaction with the oil phase, thereby leading to a low and virtually unchangeable work of adhesion (compare Figs. 7a, 7b, curves 2) .
The electron micrographs of gelatin gel (Fig. 8a) and leather (Figs. 8b, 8c ) surfaces modified with fluo rine containing polymers give grounds to believe that the surfaces of both gelatin gel and leather samples have microasperities and hollows; i.e., they possess a necessary microroughness, which is less typical of the initial substrates. Therewith, gelatin gel exhibits a finer relief of the structure formed on the surface. The hydrophobization of a material, such as leather, implies imparting not only high values of the contact angle and a corresponding microrelief, but also a minimum wetting hysteresis, which is directly related to the balance of forces acting along the perim eter of the contact between a water droplet and a non uniform surface of the material.
The revealed features of the behavior of fluorine containing acrylate based polymers with a moderate length of side perfluorinated radicals are of interest for the development of novel composite dispersions and hydrophobizing coatings for various substrates. More over, the data obtained may be used for imparting water resistance and preventing the sticking together of gelatin dispersions, capsules, and coatings.
